Previous studies confirmed that the methanolic extract from Curcuma longa L. (CLME) lowers arterial blood pressure and heart rate in rats due to the blockade of extracellular Ca 2+ influx. The aim of this study was to investigate the involvement of Na + -Ca 2+ exchanger in the vasorelaxant effects elicited by CLME in isolated rat superior mesenteric arteries. CLME (1-1,000 µg/ml) concentration-dependently relaxed phenylephrine (PHE) (10 µM) pre-contracted arterial rings with intact-endothelium (pD2 and Emax = 2.04 ± 0.06 and 88.3 ± 3.2%) or denuded-endothelium (pD2 and Emax = 2.06 ± 0.03 and 91.4 ± 1.0%), respectively, suggesting that the removal of endothelium has no significant effect (P>0.05) on the vasorelaxation induced by CLME. Furthermore, CLME (30, 100 and 300 µg/ml) inhibited the cumulative concentration-response curves to PHE (10 -8 -10 -5 M) in a concentration-dependent manner, whereas, treatment with ouabain 100 µM (selective blocker of Na + -K + ATPase) has no effect on the relaxant responses of CLME. However, treatment with nickel chloride (NiCl2) (100, 300 and 400 µM), a putative Na + -Ca 2+ exchanger inhibitor, concentration-dependently reduced the vasorelaxant responses of CLME. Precisely, NiCl2 at 100, 300 and 400 µM significantly (P<0.05) decreased the pD2 and Emax values of CLME (1.86 ± 0.03 and 81.3 ± 1.2%, 1.77 ± 0.03 and 60.2 ± 0.8%, 1.69 ± 0.04 and 55.3 ± 1.6%, respectively). Also, CLME (100 µg/ml) produced less relaxant effect with decreasing extracellular Na + concentration. CLMEinduced vasorelaxation was completely abolished in a Na + -free Tyrode's solution, a condition that eliminates the influence of the forward mode of the exchanger. The results provide indirect evidence that the stimulation of the forward mode of Na + -Ca 2+ exchanger may probably contribute to the vasorelaxation induced by CLME in endothelium-denuded arterial rings.
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Introduction
Curcuma longa L. (CL) (Family: Zingiberaceae) is a yellow rhizome from a perennial herb that grows predominantly in the tropical and sub-tropical regions of the world. It is used as a flavouring agent and colourant for food items (Buescher and Yang, 2000) . CL has been used by the traditional medicine Practitioners of South Asia and Africa to treat several ailments, such as, fever, liver and urinary diseases, inflammation, palpitation, eczema, itching, measles and hypertension (Kapoor, 1990; Bakhru, 1997) . Phytochemical analysis showed that CL is rich in polypenolic compounds, especially curcumin, zingiberine, borneaol, sesquiterpenes, and curcuminoids (Srinivasan, 1953; Kapoor, 1990) . Polyphenols from CL, in particular curcumin, have been shown to elicit varieties of pharmacological activities in both in vivo and in vitro studies, such as, antioxidative (Daniel et al., 2004 ), anti-inflammatory (Chainani-Wu, 2003 , anticarcinogenic (Aqqarwal et al., 2003) , anti-diabetic (Srinivasan et al., 2003) , wound healing (Sidhu et al., 1998) , neuro-protective (Rajakrishnan et al., 1999) , anti-hemolytic (Mathuria and Verma, 2007) and anti-arthritic (Funk et al., 2006) . It is known that oxidative stress and inflammation contribute to atherogenesis, therefore the health benefits of CL, which is rich in polyphenols (cucurmin) have received much attention recently. For example, Chen and Huang (1998) , and Xu et al., (2007) reported that curcumin inhibited cell proliferation, arrested cell cycle progression, induced cell apoptosis and caused vasorelaxation in vascular smooth muscle cells (VSMCs). In a previous study, Sasaki et al., (2003) reported the endothelium-independent vasomotional effects of five Curcuma drugs (Curcuma longa inclusive) in isolated rat aorta. Recently, it was demonstrated that CL lowers arterial blood pressure and heart rate in rats, probably due to the blockade of extracellular Ca 2+ influx and, the inhibition of intracellular Ca 2+ release for inositol-1,4,5-triphosphate (IP3) sensitive stores (Adaramoye et al., 2008) . These results provide enough background to explore the involvement of the Na + -Ca 2+ exchanger in the vasorelaxant effects induced by CL in isolated rat superior mesenteric arteries.
Methods

Animals
Male Wistar normotensive rats (8-10 weeks old, 250-300 g) were used for all experiments. The animals were kept in well-ventilated cages at controlled temperature (21 ± 1°C) and under controlled light cycles (12 h light/12 h dark). They were maintained on normal laboratory chow (PURINA, Brazil) and water ad libitum. All experiments were approved by the Committee of 
Plant material and extraction
Samples of fresh rhizome of Curcuma longa L. were obtained from a local market in Ibadan, Nigeria. Their botanical identification and authentication were confirmed at the Department of Botany, University of Ibadan, Nigeria, where voucher specimen were kept at the herbarium (Voucher specimen number UI-02577). The rhizome was sliced into pieces and air-dried at room temperature and then powdered. The powdered samples (1 kg) were de-fatted with nhexane (2.5 l) and extracted with 75% methanol (2.5 l) overnight in a soxhlet extractor. The methanolic extract was concentrated and evaporated to dryness at 50°C with a rotary evaporator under reduced pressure. The yield of the preparation was 7.9%. Prior to the experiments, the methanolic extract was dissolved in tween-80 (0.025% v/v) solution and diluted to the desired concentrations to give a water-soluble fraction (CLME).
Mesenteric arterial rings preparation
Male Wistar rats weighing between 250-300 g were sacrificed by cervical dislocation, dissected and the superior mesenteric arteries were quickly removed, cleaned of adherent connective tissues and cut into rings (2-4 mm length) inside Tyrode's solution (Composition in mM: NaCl 158.3; KCl 4.0; CaCl2.2H2O 2.0; MgCl2.6H2O 1.05; NaHCO3 10.0; NaH2PO4.H2O 0.42; Glucose 5.6) (Tanaka et al., 1999) . The Na + -free solution used in this study contained (in mM): MgCl2.6H2O 1.05; choline bicarbonate 10.0; KH2PO4 0.42; Glucose 5.6 (Lau et al., 2004) . In some rings, the endothelium was removed by gently rubbing the intimal surface with a finger moistened with Tyrode's solution. The rings were suspended by cotton threads in organ baths containing 10 ml of Tyrode's solution, maintained at 37°C and gassed with carbogenic mixture (95% O2 + 5% CO2). Rings were stabilized with a resting tension of 0.75 g for at least 60 min with constant changing of Tyrode's solution (every 15 min) to prevent the accumulation of metabolites that could otherwise lead to misinterpretation of results (Altura and Altura, 1970) . The isometric tension was recorded by force-displacement transducers (Fort-10; WPI, Sarasota, FL, USA) coupled to an amplifier-recorder (Transbridge-4; WPI, Sarasota, FL, USA) and to a computer equipped with an analog-to-digital converter board (AD16JR; WPI, Sarasota, FL, USA). Endothelial integrity was assessed qualitatively by the degree of relaxation caused by acetylcholine (10 µM) in the presence of contractile tone induced by phenylephrine (10 µM).
Rings were considered to be endothelium-denuded when acetylcholine-induced relaxant effects were less than 10% and, endothelium-intact when relaxant effects were more than 90%.
Experimental protocols
After equilibration, steady tension was evoked by phenylephrine (10 µM) for endotheliumintact and -denuded rings to induce contraction of similar magnitude and CLME was added cumulatively (1, 10, 30, 100, 300, 500 and 1,000 µg/ml). Also, cumulative-response curves for phenylephrine (10 -8 -10 -5 M) was determined. The curves were obtained in endothelium denuded rings by a stepwise increase in the concentration of phenylephrine. The curves were determined in the absence (control) or after a 30-min incubation period with CLME (30, 100 and 300 µg/ml). To assess the effects of CLME on Na + -K + ATPase and Na + -Ca 2+ exchanger, experiments were performed with endothelium-denuded rings. The rings were depolarized in media containing with KCl (20 mM) and then pre-contracted with phenylephrine (10 µM) for 30 min after being pre-incubated separately with ouabain (100 µM) and nickel chloride (30, 100, 300 and 400 µM). The concentrations used for ouabain and nickel chloride are sufficient to antagonize selectively the activities of Na + -K + ATPase and Na + -Ca 2+ exchanger, respectively (Cortes et al., 2001; Lau et al., 2004) . In order to investigate the influence of forward mode of Na + -Ca 2+ exchanger on the vasorelaxation induced by CLME, experiments were performed in normal Tyrode's solution (control), 20 mM Na + -containing or Na + -free Tyrode's solution. The phenylephrine-induced tone remained unchanged for 2 hours in normal Tyrode's solution but it declined in a Na + -free medium. The time-dependent reduction in phenylephrine-induced tone (without CLME) was subtracted when the effect of CLME was determined.
Statistical analysis
Two pharmacological parameters were analyzed in this study; Emax (Maximal effect generated by agonist) and pD2 (-log EC50). Values are expressed as means ± standard error of the mean (S.E.M.). Statistical analysis was performed using one-way analysis of variance (ANOVA) or Student's t-test using GraphPad Prism TM 4.0 version as software. Post hoc comparisons were performed after ANOVA using Dunnett's test as indicated in the text. The level of significance considered in all the tests was 0.05 (P<0.05).
Results
In Fig. 1A , CLME inhibited PHE-induced sustained contraction in the rat mesenteric rings in a concentration-dependent manner. The pD2 and Emax values of CLME for the vasorelaxation induced in rings pre-contracted with PHE are 2.04 ± 0.06 and 88.3 ± 3.2% for endothelium-intact and, 2.06 ± 0.03 and 91.4 ± 1.0% for endothelium-denuded rings, respectively. The concentration-response curve to CLME was unaffected by the removal of functional endothelium. CLME (30 µg/ml) did not alter the pD2 values for PHE in endothelium denuded rings. On the other hand, CLME (100 and 300 µg/ml) significantly (P<0.05) decreased the pD2 values for PHE in the cumulative concentration-response curves to 5.63 ± 0.04 and 5.01 ± 0.05, respectively, when compared to the control (6.59 ± 0.08) (Fig. 1B) . In Figs. 1C and 1D , it can been seen that neither depolarization with KCl 20 mM-containing Tyrode's solution nor incubation with ouabain (100 µM) affected the concentration-response curves of CLME in endothelium-denuded rings pre-contracted with PHE.
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In Fig. 2 , NiCl2 (100, 300 and 400 µM) dose-dependently attenuated CLME-induced relaxation of the endothelium-denuded rings. Precisely, NiCl2 at 100, 300 and 400 µM significantly (P<0.05) decreased the pD2 values of CLME to 1.86 ± 0.03, 1.77 ± 0.03 and 1.69 ± 0.04, respectively (Control = 2.22 ± 0.04) (Fig. 2) . Furthermore, CLME (100 µg/ml)-induced relaxation was significantly reduced in 20 mM Na + -containing Tyrode's solution to 35.7 ± 0.8% when compared to the control (normal Tyrode's solution = 69.2 ± 0.6%), and almost eliminated in rings bathed in a Na + -free solution (10.6 ± 0.3%) (Fig. 3) .
Discussion
The major finding of this study is that CLME-induced vasorelaxation is partially mediated by activation of a Ni 2+ -sensitive pathway, which probably involves the vascular Na + -Ca 2+ exchanger in isolated rat superior mesenteric arteries. Sarcolemmal Na + -Ca 2+ exchange plays a significant role in regulation of [Ca 2+ ]i in smooth muscle cells, and thus regulate vessels tone (Motley et al., 1993 translocation pathway may contribute to altered [Ca 2+ ]i in the renal arterioles in salt-sensitive hypertension (Bell et al., 2000) . Several divalent cations, such as nickel, cadmium and manganese are known to be putative inhibitors of Na + -Ca 2+ exchanger in vascular and nonvascular beds (Tsang et al., 2003) . Treatment with Ni 2+ (30-400 µM), a putative Na
exchanger inhibitor, significantly decreased the vasorelaxation induced by CLME. It was observed that the inhibition of Na + -Ca 2+ exchanger by Ni 2+ was dose-dependent at 100, 300 and 400 µM. This observation points to the fact that CLME induced vasorelaxation may be partly mediated via the Na + -Ca 2+ exchange pathway. In order to investigate whether the effect of the forward mode of Na + -Ca 2+ exchanger is involved in the relaxation induced by CLME, experiments were performed in the presence of decreasing extracellular Na + concentration in the Tyrode's solution used to bath the rings. CLME-induced relaxation was significantly attenuated with decreasing extracellular Na + concentration and, almost abolished in a Na + -free solution, a condition that eliminates the influence of the forward mode of the exchanger. The lack of effect of ouabain, a Na + -K + -ATPase inhibitor indicates that the stimulation of Na + -K + pump is unlikely to be involved in the CLME induced relaxation. It is worth noting that the Na + -K + pump activity may be low at resting or contracted states since ouabain did not increase the Curcuma longa and Na + -Ca 2+ exchanger 157 baseline tone nor augmented the phenylephrine-induced contraction as would be expected if this pump plays a significant role in maintaining the cell membrane potential.
In conclusion, it is suggested that the remaining endothelium-independent vasorelaxant effects of CLME in isolated rat superior mesenteric arteries in vitro may be due to the stimulation of the forward mode of Na + -Ca 2+ exchanger. Fig. 3 . Relaxation-induced by CLME (100 µg/ml) in phenylephrine-contracted endothelium denuded rings under three ionic conditions (normal Tyrode, 20 mM Na + -containing and Na + -free solutions), n=6-7. *, Significantly different from the control (P<0.05) (ANOVA followed by Dunnett's multiple comparison test).
Data of figure 3;
Control 9.5 ± 0.3 24.4 ± 1.0 52.2 ± 1.9 57.2 ± 1.5 66.8 ± 0.6 68.8 ± 0.5 69.2 ± 0.6 20 mM Na + 4.6 ± 0.2 10.7 ± 0.9 19.7 ± 1.9 27.9 ± 2.4 34.7 ± 2.0 34.6 ± 1.5 35.7 ± 0.8 Na + -free 1.3 ± 0.5 2.1 ± 0.4 5.5 ± 1.0 6.7 ± 1.1 10.1 ± 1.0 10.2 ± 0.6 10.6 ± 0.3
